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VERY HIGH MECHANICAL STRENGTH STEEL AND METHOD FOR PRODUCING 
A SHEET OF THIS STEEL COATED WITH ZINC OR ZINC ALLOY 

The present invention relates to a very high mechanical 
strength steel and a method for producing a sheet of this 
steel coated with zinc or zinc alloy. 

There are several families of very high mechanical strength 
steels which differ in terms of their compositions and their 
microstructures . The steels referred to as dual phase steels 
thus have a microstructure composed of ferrite and martensite, 
which allows them to reach tensile strengths ranging from 
400MPa to more than 1200MPa. 

In order to produce microstructures which will allow 
advantageous mechanical properties to be obtained^ these 
grades are quite heavily charged in terms of elements such as 
chromium, silicon, manganese, aluminium or phosphorus. 
However, these grades present a problem when it is desirable 
for them to be coated with a coating to protect against 
corrosion, for example, by means of hot dip galvanisation. 

It has been found that the surface of sheet metals has a very 
poor wettability relative to zinc or zinc alloys. Sheet 
metals therefore comprise portions which are not coated which 
constitute preferred zones for the onset of corrosion. 

In order to overcome this problem, various approaches have 
been proposed. Methods are thus known which consist in 
carrying out a pre-coating of a metal which allows a better 
bonding base to be provided for the zinc. To this end, it has 
been proposed that iron, aluminium, copper and other elements 
be deposited, generally by means of electrodepositing . These 
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methods have the disadvantage of adding a supplementary step 
before the galvanisation itself. 

It has also been proposed that the sheets be passed into 
annealing furnaces which have, in particular, specific 
atmospheres which allow the iron to be selectively oxidised 
in order to form a layer of iron oxide on which the zinc is 
effectively deposited. However, a method of this type 
requires very sensitive regulation and very strict control of 
the oxidation conditions. 



The object of the present invention is therefore to provide a 
steel composition which does not have the disadvantages of 
the compositions of the prior art and which is, in particular, 
very suitable for coating with zinc or zinc alloys whilst 
preserving the advantageous mechanical properties. 

To this end, a first aspect of the invention is constituted 
by a very high mechanical strength steel whose chemical 
composition comprises, in % by weight: 



0.060% < C < 0.250% 
0 .400% < Mn < 0. 950% 
Si ^ 0.300% 
Cr ^ 0. 300% 
0.100% ^ Mo ^ 0.500% 
0.020% < Al < 0.100% 
P < 0.100% 
B < 0.010% 
Ti ^ 0.050% 



the balance being iron and impurities resulting from the 
production operation. 
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In one preferred embodiment, the steel comprises: 

0 , 080% < C < 0 . 120% 
0.800% ^ Mn < 0. 950% 

Si < 0.300% 

Cr ^ 0. 300% 
0 . 100% < Mo ^ 0. 300% 
0.020% < Al < 0. 100% 

P ^ 0.100% 

B < 0.010% 

Ti ^ 0.050% 

the balance being iron and impurities resulting from the 
production operation . 

This embodiment allows a sheet of steel to be produced having 
a tensile strength in the order of 450MPa. 

In another preferred embodiment, the steel comprises: 

0 . 080% < C < 0. 120% 
0.800% ^ Mn < 0.950% 

Si < 0.300% 

Cr < 0-300% 
0.150% < Mo < 0.350% 
0.020% < Al ^ 0.100% 

P < 0.100% 

B < 0.010% 

Ti < 0.050% 



the balance being iron and impurities resulting from the 
production operation . 
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This embodiment allows a sheet of steel to be produced having 
a tensile strength in the order of 500MPa. 

In another preferred embodiment, the steel comprises: 



0.100% < C < 0.140% 
0 . 800% < Mn < 0 . 950% 
Si ^ 0.300% 
Cr ^ 0.300% 
0.200% < Mo < 0.400% 
0.020% < Al ^ 0. 100% 
P ^ 0.100% 
B < 0.010% 
Ti < 0.050% 



the balance being iron and impurities resulting from the 
production operation. 

This embodiment allows a sheet of steel to be produced having 
a tensile strength in the order of GOOMPa. 

In another preferred embodiment, the steel has a 
microstructure which is constituted by ferrite and martensite. 

A second aspect of the invention is constituted by a sheet of 
very high mechanical strength steel according to the 
invention which is coated with zinc or zinc alloy. 

A third aspect of the invention is constituted by a method 
for producing a sheet of steel according to the invention 
coated with zinc or zinc alloy, which method comprises the 
steps consisting of: 
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- producing a slab whose composition is in accordance with 
the invention, and hot-rolling then cold-rolling the slab in 
order to produce a sheet, 

- heating the sheet at a rate of between 2 and 100°C/s until 
a holding temperature of between 700 and 900 °C is reached, 

- cooling the sheet at a rate of between 2 and 100 ^'C/s until 
a temperature is reached which is close to that of a bath 
containing molten zinc or a zinc alloy, then 

- coating the sheet with zinc or a zinc alloy by means of 
immersion in the bath and cooling it to ambient temperature 
at a cooling rate of between 2 and 100**C/s. 

In another preferred embodiment, the sheet is kept at the 
holding temperature for from 10 to 1000 seconds. 

In another preferred embodiment, the bath containing molten 
zinc or zinc alloy is kept at a temperature of between 450 
and 480 °C, and the immersion time of the sheet is in the 
order of between 2 and 40 0 seconds. 

In another preferred embodiment, the bath principally 
contains zinc. 

A fourth aspect of the invention is constituted by the use of 
a very high mechanical strength sheet of steel coated with 
zinc or zinc alloy in the production of automotive components. 

The present invention is based on the novel observation that, 
by limiting the contents in terms of manganese, silicon and 
chromium to the maximum values claimed, excellent coatability 
can be achieved for the grades produced in this manner. In 
accordance with the desired level of mechanical properties, 
the contents will be adjusted in terms of the quenching 
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elements, such as carbon and molybdenum, which have been 
found not to impair this coatability. 

To this end, the conventional formula can, for example, be 
used which provides the decimal logarithm of the critical 
quenching rate V (in °C/s) : 

Log(V) = 4.5 - 2.7%Cy - 0.95%Mn - 0.18%Si - 0.38% Cr - 
1.17%Mo - 1.29(%C X %Cr) - 0.33 (%Cr x %Mo) 

in which Cy represents the carbon content of the austenite 
before cooling. 

The steel composition according to the invention contains 
between 0.060% and 0.250% by weight of carbon since it has 
been found that, for a carbon content of less than 0.060%, 
the grade was no longer able to be quenched and no longer 
allowed the desired advantageous mechanical properties to be 
obtained. At more than 0.2 50% by weight, the carbon 
significantly inhibits the weldability of the grade. 

The composition also contains between 0.400 and 0.950% by 
weight of manganese. In the same manner as for the carbon, 
the lower limit is required in order to obtain a quenchable 
grade of steel, whilst the upper limit must be complied with 
in order to ensure good coatability for the grade. 

The composition also contains up to 0.300% by weight of 
silicon. The upper limit must be complied with in order to 
ensure good coatability for the grade. 
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The composition further contains up to 0.300% by weight of 
chromium. The upper limit must be complied with in order to 
ensure good coatability for the grade. 

Finally, the composition according to the invention must 
contain between 0.100 and 0.500% by weight of molybdenum 
since it was found that, for a content of less than 0.100%, 
the grade no longer allows the desired advantageous 
mechanical properties to be obtained. At more than 0.500% by 
weight, the molybdenum significantly inhibits the weldability 
of the grade . 

The composition may also optionally contain up to 0.010% by 

weight of boron which is then protected if necessary with a 
content of a maximum of 0.050% by weight of titanium. This 
last element, which has a greater affinity for nitrogen than 
boron, traps the boron by forming titanium nitrides. 

The steel composition may also contain various unavoidable 
residual elements, including N, Nb, Cu, Ni , W, V. 

It is particularly preferable to limit the content of 
nitrogen which can make the steel susceptible to ageing. 

Owing to the improved galvanisability thereof, the steel 
according to the invention is used in particular for 
applications in the field of producing automotive components 
and, more particularly, for producing visible components, 

such as bodywork elements, which will have an attractive 
appearance after painting, in contrast to those currently 
produced using steels of the prior art. 
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The present invention will now be illustrated based on the 
following observations and examples, given by way of non- 
limiting examples. Table 1 giving the chemical composition of 
the steels tested, in 10'^% by weight - 

Table 1 





C 


Mn 


Si 


Cr 


Mo 


Al 


B 


Ti 


N 


P 


S 


Cu 


Ni 


V 


A 


59 


1195 


121 


491 




38 






5 . 4 


11 


2 


6 


23 




B 


83 


1546 


361 


204 




24 






5 . 1 


15 


2 


8 


22 




C* 


95 


906 


12 


15 


102 


33 






2 . 3 


25 


4 


9 


20 




D* 


93 


909 


10 


15 


205 


33 






2 . 3 


25 


4 


9 


23 


3 


E* 


85 


900 


11 


14 


305 


35 






2 . 6 


25 


4 


9 


25 


3 


p* 


90 


900 


11 


15 


306 


33 


1 


27 


2.5 


25 


4 


9 


25 


4 



*according to the invention 



These different compositions were produced in the form of 
ingots of 15 kg. The ingots were then heated to 1250 *C for 45 
minutes, then hot-rolled in 7 passes, the final rolling 
temperature being 900 ""C. 

The sheets which are produced in this manner were cooled by 
means of water quenching with a retardant at a cooling rate 
in the order of 25'*C/s, then wound at 550 °C before being 
cooled. 

They were then cold-rolled at a reduction rate of 70% before 
being subjected to the following thermal cycle: 
- heating at a rate in the order of 30°C/s until a holding 
temperature between 770 °C and 810^*0 is reached for a time of 
between 50 and 80 seconds in order to simulate line^ speeds 
ranging from 80 to 150 m/min, 
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- cooling the sheet at a rate in the order of 10°C/s until 
470*^0 is reached. 

The sheets are then subjected to hot dip galvanisation in a 
bath of zinc, with a dwell time in the bath which is 
dependent on the line speed selected (between 80 and 150 
m/min) , then cooled at a rate of 5**C/s to ambient temperature. 

The following mechanical properties are then measured for 
each sheet : 

- Rm: tensile strength in MPa, 

- Rel : limit of elasticity in MPa, 

- A: elongation at break in %, 

- Ag: distributed elongation in %, 

- P: level in %, 

as well as the martensite proportion of the sheets (%M) . 

Test 1 : Influence of the molybdenum content and the presence 
of boron 

This influence was examined for the grades A to F, for a 
holding temperature of 7 90*'C and a line speed of 12 0 m/min. 





Rm 


Rel 


A 


Ag 


P 


%M 


A 


480 


375 


28.2 


18.8 


2.3 


1 


B 


540 


360 


28.3 


17.6 




3 


C* 


466 


380 


28 . 8 


19 . 9 


4.6 


1 


D* 


526 


324 


29.0 


18 . 8 


0 . 6 


4 


E* 


563 


282 


26 . 6 


17 . 9 


0 


7 


F* 


673 


393 


15.2 


11 . 8 


0 


6 



♦according to the invention 
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For the grades according to the invention, it has been found 
that; by increasing the molybdenum content, the martensite 
content increases which allows the tensile strength to be 
increased and the limit of elasticity to be decreased. 

However, the addition of boron does not bring about an 
increase in the percentage of martensite, but instead leads 
to a refinement of the martensite and the carburized phases. 

Test 2 : Influence of the thermal processing 

This influence was examined for the grade D for three line 
speeds and for three holding temperatures (in m/min) : 





Holding 
temperature 


Line 
speed 


Rm 


A 


%M 


Grade D 


770 


80 


502 


29 . 4 


1 


120 


528 


27.6 


4 


150 


534 


27 . 3 


6 


790 


80 


500 


26.2 


2 


120 


526 


29.0 


4 


150 


530 


28.6 


6 


810 


80 


505 


29 . 9 


3 


120 


521 


25 . 8 


4 


150 


530 


26 . 4 


6 



It has been found that the holding temperature and the line 
speed have little influence on the mechanical properties 
obtained. This is a significant advantage for an industrial 
application which must not be susceptible to this type of 
variation . 

This influence was then examined for the grade F: 
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Holding 
temperature 


Line 
speed 


Rm 


A 


%M 


Grade F 


770 


80 


692 


18 . 6 


6 


120 


687 


15.3 


6 


150 


715 


13 . 7 


6 


790 


80 


664 


17.3 


6 


120 


673 


15.2 


6 


150 


688 


16 . 6 


6 


810 


80 


634 


15 . 9 


6 


120 


654 


16 . 0 


6 


150 


666 


17 . 7 


6 



It has been found that the addition of boron to the grade 
according to the invention notably stabilises the proportion 
of martensite formed which does not vary at all, regardless 
of the parameters of the thermal processing. 

Test 3: Galvanisability 

Sheets of the grades A, B, C and F are hot dip galvanised and 
by the dew point being adjusted to -40^*0. The sheets which 
are produced in the grades A and B have gaps in their 
coatings, in contrast to the grades C and F which have 
cont inuous coat ings . 



